The volatility of liquid electrolytes has been a major problem for their application in dye-sensitized solar cells (DSSC). In this study, liquid electrolyte was replaced by polymer based gel electrolyte. Polyvinyl alcohol is chosen as the polymeric matrix to gelate the liquid electrolyte with iodide-triiodide redox couple and suitable organic solvent. The amorphous nature and the physical cross linking formed between polymerpolymer and polymer-solvent is analyzed from XRD and FT-IR. Cell was fabricated and characterization was done. I-V and EIS measurements of the cell was taken. Easy fabrication and its advantages over liquid electrolyte makes gel electrolyte a promising alternative for liquid electrolyte.
Introduction
DSSC have received great attention owing to their low production costs and high efficiencies [1, 2] . The certified record efficiency of DSSC is 12-13 %. A DSSC consists of a photo anode, a semiconductor film coated on a transparent conducting oxide layer, which is dye sensitized, a counter electrode, usually FTO coated with a catalytic material and electrolyte which includes a redox couple usually I − /I − 3 system and a suitable solvent. In DSSC, the electrolyte is the medium for charge transportation between the two electrodes and acts as a source for dye regeneration [3] . The long term stability of the device strongly depends on the electrolyte component [4] . The highest efficiency reported in DSSC was by employing liquid electrolyte. But there are some practical impediments when using this liquid electrolyte like leakage while sealing and volatilization of the solvent, desorption and photodegradation of the attached dye, corrosion of the counter electrode etc., which prevent DSSC's from further application and commercialization [4, 5] . So, as an alternative to liquid electrolyte, solid state electrolytes and quasi solid state electrolytes (gel electrolytes) were introduced. Though solid state electrolytes seem to be an ideal material for DSSC, the efficiency was not up to expectations [6] . This might be due to poor interfacial contact and poor charge carrier mobility. When coming to gel electrolyte, all the problems related to liquid and solid state electrolyte can be resolved. It remains as quasi solid at room temperature and as a highly viscous liquid at high temperatures. Thus, a gel electrolyte possesses both the cohesive property of solid as well as diffusive transport property of liquid [7] . In the present work a polymer-based gel electrolyte is synthesized and its behavior in the performance of dye sensitized solar cell is studied by using two different photoanode materials -TiO 2 and ZnO.
Experimental

Materials
Fluorine doped tin oxide (FTO-7Ω/Sq.), N719 (Ru(dcbpy) 2 (NCS) 2 ) -95%), Hexachloroplatinic acid (H 2 PtCl 6 ), Potassium iodide (KI) (bio ultra, 99.5 %), Polyvinyl alcohol (PVA, 99 % hydrolyzed) were purchased from SigmaAldrich. Dimethyl sulfoxide (DMSO) and Iodine (I 2 ) is supplied by MERCK.
Gel electrolyte synthesis
Polyvinyl alcohol is used as the polymeric matrix. Gel electrolyte is prepared by adding adequate amount of polymer, KI and I 2 to dimethyl sulfoxide. The resulting mixture is heated to 2 hrs and stirred continuously to obtain the gel.
Assembling of quasi solid state dye sensitized solar cell
The nanocrystalline TiO 2 photo anode was fabricated by doctor blading TiO 2 paste on FTO substrate. The film was air dried and sintered at 450
• C for 30 mins. The sintered sample was then cooled to room temperature and was dipped in the dye solution for 24 hrs. The dye loaded sample was then air dried and sealed. The counter electrode was made by electrodepositing Pt on FTO surface. The two electrodes were then kept face to face with gel electrolyte in between to obtain a sandwich structure and is then clamped tightly. Figure 1 shows the FT-IR of pure PVA and PVA based gel electrolyte. The presence of broad band at 3416 shows the inter-molecular hydrogen bonding. In PVA-G, the intensity of the band was found to increase, and this is because of extensive hydrogen bonding between the polymeric chains due to its complete expansion. The XRD spectra of gel electrolyte, pure PVA, KI, and I 2 are shown in figure 2 . Diffraction peak at 2θ -40.76 is ascribed to pure PVA. Diffraction peak at 2θ -21.67, 30.80, 54.98 and 24.62, 25.07, 29.04 is for pure KI and I 2 respectively, shows the crystalline nature of the ionic salt. An amorphous peak is observed for polymer gel electrolyte, which shows the complete dissolution of the ionic salt and also increased liquid electrolyte uptake by the matrix. The obtained efficiencies are 2.05 and 0.68 % respectively for TiO 2 and ZnO based DSSC with PVA gel electrolyte. Here, the pure PVA based gel electrolyte of KI/I 2 in DMSO/EC mixture without ionic liquid and any additives or fillers is used. An enhancement in the efficiency is anticipated with ionic liquid and other additives in the gel electrolyte and more studies in this direction are ongoing to enhance the efficiency. The efficiency values are low compared to perovskite-based DSSC. Perovskites give better efficiency and absorption coefficient as a sensitizer along with conventional electrolytes. However, focus of current work is on the synthesis of gel electrolyte, a better substitute for liquid electrolytes, and its application in electrochemical cells.
Results and discussion
Gel characterization
The charge transfer or transport behavior of the cell was measured by utilizing electrochemical impedance spectroscopy. The three semicircle from left to right gives the electrochemical behavior at the Pt counter electrode,TiO 2 /dye/electrolyte interface and Warburg diffusion. The resistance offered at each interface when using ZnO as photoanode is very high when compared to the cell fabricated with TiO 2 as the photoanode. This confirms the lower performance of the ZnO-based quasi solid state dye sensitized solar cell.
Conclusion
PVA based polymer gel electrolyte was synthesized. DSSC were fabricated with two different photoanode materials to study the performance of the cell. Photovoltaic studies show that the gel works well with TiO 2 -based solar cell, displaying an overall efficiency of 2.05 %.
